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2 4 6 8 10 el 2n 2n 2
3242 242 o S (=12 Now lim by = i
5+6 7+8 9 + n;l( > —— ownLn;ob nli.ngon+4 nl_'oo1+4/ ;£O Since

lim a, # 0 (in fact the limit does not exist), the series diverges by the Test for Divergence.
n—oo

4 ——1———}—+—1-——1—-+i—---—§i:-1-)n—ﬂ—Nowb ———1———>O{b}isdecreasin and lim b, =0
"3 Ind  In5 In6 In7 T & mnt2) "Thnt2) " & ant e on =5

so the series converges by the Alternating Series Test.

( 1 nt = n-1 _ 1 : : : — :
5. ; Z 34 n ;(—1) bn. Now by, = 3T > 0, {bn} is decreasing, and nlgr;o bn = 0, so the series

converges by the Alternating Series Test.

+1 el 1
an = —1)"*1p,,. Now b, = > 0, {b,} is decreasing, and lim b, = 0, so the series
O:L;) Z Vn+ ;:3( ) Vn+1 {bn} & no>c0
converges by the Alternating Series Test.
1. nzzjl an = E (-1 )n +1 ;1( 1)™b,,. Now hm b, = nan;E# = = # 0. Since ,}Lnéo an #0

(in fact the limit does not exist), the series diverges by the Test for Divergence.

=3 2 oo 2

n n n . 1 _
s.Zan_Z—)n2+n+1 > (=1)"bn. Now lim by = lim —ms = Jim, g =1 #0

n=1 n=1

Since lim a, # 0, the series diverges by the Test for Divergence.
TL b OO

M8

9. Y an=

n=1 n

o
(=1)*e™™ = > (~1)"bn. Now b, = —:: > 0, {b,} is decreasing, and lim b, = 0, so the series converges
1 n=1 n—co

I}

by the Alternating Series Test.

bn C3 > 0forn > 1. {b.} is decreasing forn > 2 since

\/5 /_ (2:B+3) (%:1;‘1/2) _;1;1/2(2) B %513_1/2[(23:—}-3)"42)] 3 39 <ot s
x+3) (2z + 3)2 = 2z + 3)° BN T LR
Also, hm bp = nlinolo ( 27:/;/3\)//_ 7n n'_m 3 \/_+ N = (. Thus, the series nz =" 3 \/_; 3 converges by the

Alternating Series Test.

2

n . . .
M. b, = o > 0forn > 1. {ba} is decreasing for n > 2 since

< 0 forz > 2. Also,

( z? )' _ (@ +49)(20) -~ 2?(30%) _ 2(22®+8-32%) _ z(8-3°)
2’ +4 (a® +4)? @@+ 4)2 (@@ + )2

1/n
i bn = Bm s

oo 2
= 0. Thus, the series Y (—1)™** n3n+ 4 converges by the Alternating Series Test.
n=1
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———— - ml
(_2:_1:;>’_“2 —22°In2 1-zln2

2% > 0forn > 1. {bs} is decreasing for n > 2 since

<0form>—1—z1.4.

b = (=2~ 2= In2

Also, lim b, = lim — & lim 1 _ 0. Thus, the series (—1)"—2% converges by the Alternating Series Test.
n—oo n=1

n—oo 27 n-—o0 27 In 2

n—oo 00

o0
lim b, = lim €™ =€ =1,50 lim (—1)""!e*™ does not exist. Thus, the series > (—1)" /™ diverges by the
n—oo n=1

Test for Divergence.

(=4
lim b, = lim arctann = %,so lim (—1)""! arctann does not exist. Thus, the series 3 (—1)"~! arctann diverges
n—oo

T OO Tt OO n=1

by the Test for Divergence.

15. an — sinl(i‘i/%ﬁ)f _ 1(11\)/;‘ Now b,, = l—f—ﬁ > 0forn > 0, {bn} is decreasing, and nl_lqu;o b, = 0, so the series
3 EP—(HL%)—W converges by the Alternating Series Test.
e 14+vn
16. a, = ic—;%@ = (—1)"% = (—=1)"b,. {bn} is decreasing for n > 2 since
(z27%Y = 2(~27"In2)+ 27 =2"*(1—zIn2) < Oforz > %2— [~1.4]. Also, nlingo bn = 0 since
zli'n;o o5 i Jim o L 5 = 0. Thus, the series 21 ncgimr converges by the Alternating Series Test.

17.

18.

19.

20

= . LT LT T . T . .
S (—=1)"sin—. by =sin— > 0forn > 2andsin— > sin ,and lim sin— = sin0 = 0, so the series converges by
e n n n n+1 n—oo N

the Alternating Series Test.

(=" cos%. lim cos% = cos(0) = 1, s0 lim (—1)" cos% does not exist and the series diverges by the Test for
n=1 n—oo n—oo
Divergence.
n?

b, = = > 0 forn > 1. {b,} is decreasing for n > 2 since

22\ 5.2z —2?5°In5  25°(2—zIn5) (2 —zlnb) 2
(5$ ) e e 5= < Oforz > ™G Also,
lim b, = lim f— £ lim _In_n im _2 0. Thus, the series i‘ (=" Ei converges by the Alternatin
n—oo ' neoo B n—oo 57 Inb  nooo 5"(1115)2 - ’ n=1 on 8 Y &

Series Test.

, _VAFI—yA VaFlsva_ (4l -n _ 1
" 1 Vatl+yn Vatl+ym Vatl+yn

>0forn > 1. {bn} is decreasing and

lim b, = 0, so the series ) (—1)"(v/n+ 1 — /n) converges by the Alternating Series Test.

n—oo n=1
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21, (a) A series Y an is called absolutely convergent if the series of absolute values ) _ |an| is convergent. If a series is absolutely
convergent, then it is convergent.
(b) A series 3" ay, is called conditionally convergent if it is convergent but not absolutely convergent; that is, if 3 an
converges, but > |an| diverges.
(c) Suppose the series of positive terms > >, by, converges. Then 3 |[(—1)" ba| = 3, |bn| = >, bn also converges, so

oo {=1)" by is absolutely convergent (and therefore convergent).

(—1)" X1 . & 1. . - G D
22, Z lan| = Z ~—2|= 3 —.Since > — isaconvergent p-series [p = 4 > 1], the series 3, ~—*— is absolutely
n=1 =1 714 ne=1 TL4 n=1 TL4 n=1 ”4
convergent.
23. b, = L ——= > 0forn > 1. {b,} is decreasing forn > 1, and h <= = 0, so the series Z (Gl i : converges by the
T 2 —oo n i Vn?
2D f LI di t it ithp=2<1
DN a7 2 Rl DA s divergent since it is a p-series withp = £ < 1.

_1yn—1
Thus, the series Z L.)_,._ is conditionally convergent.

=1 Vn?

n? . 1 1 . nt1 P n+1
24)) Since nll»ngo Pl nli’mm T¥ U 140 1#0and nlg%o(—l) does not exist, nan;o(—l)

does not

n2 41

2
exist, so the series Z (1)t — = L

n=0

T diverges by the Test for Divergence.

25. b, =

> 0forn > 1, {b,} is decreasing forn > 1, and hm bn =0, 50 Z (1" ] converges by the Alternating
n+1 ne=1 5n +

R . 1
Series Test. To determine absolute convergence, choose a, = — to get
n

o0
nllvnc;lo Z—: = nl‘_m Vi 51 7/z 7:_ ) nliu;o 5”: ! =5>0,s0 n§1 5n1+ 7 diverges by the Limit Comparison Test with the
. . L& (-1, .
harmonic series. Thus, the series Y, is conditionally convergent.
n=1 5n -+ 1

26 i L § Use the Limit Comparison Test with a, = ——— and b,, = 1
B e wy P T 241 "
e m/(+1) 1
d =l = ey = T T g0 L0
Since Z is a divergent p-series [p = 1 < 1], the series Z __ﬁ also diverges, and hence, the negative of this series,
n=1 T
2 - dlverges
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@ }oi lan] = i al i i ! Since L < L and i —l—isaconver ent p-series [p = 2 > 1], the series
n=1 " _n=1 n2+1 _n=1n2+1. 'I'L2+1 n? n:lTLz g L - >
o 1 . . & (=" .
2 =5 is convergent by the Direct Comparison Test. Thus, 3 =5 is absolutely convergent.
n=1 T 1 noin?4+1
sinn
28.0< o < 57 forn > 1and E —— is a convergent geometric series [r = % 5 <1],s0 Z converges by direct
n-—l n=1
2, sinn
comparison and the series Z on is absolutely convergent.
n==1
2si .
29. 0 < {iﬁ:ﬂz < _§_ forn > 1and 3 Z n_ is a constant times a convergent p-series [p = 3 > 1], so Z ﬁ‘—?l—?ﬂ
n=1 n=1
. . oo 2 1+2sinn 2 sinn
converges by direct comparison and the series Z is absolutely convergent.

bn: 2+4 > 0forn > 1, {bn} is decreasing forn > 2, and hm b, = 0, so E( 1=t

n=1

4 converges by the

. . . 1
Alternating Series Test. To determine absolute convergence, choose an, = — to get
n

an 1/n n®+4 . 14+4/n?
nlirxgo e nl_’oo m nll’n;o = nlgrolo T =1>0,s0 }: dlverges by the Limit
(=2
Comparison Test with the harmonic series. Thus, the series > (—=1)""* n27—:~ 1 is conditionally convergent.
n=1
o0 (_1)" 1 1 . .
3. converges by the Alternating Series Test since lim —— = 0 and { — } is decreasing. Now Inn < n, so
n—o Inn n—oo Inn Inn
7 1n > 1 , and since Z - is the divergent (partial) harmonic series, E 1 dlverges by the Direct Comparison Test. Thus,
n n=2 n=2
i (L is conditionally convergent
n—o lnn Y gent.
n = n
32, by = ————= > 0forn > 1, {b,} is decreasing forn > 2, and lim b, = 0, so —1)"* ———=— converges b
RV ) 21 {bn) glorm = 5 A 0% P Vn? +2 ges by
. 1
the Alternating Series Test. To determine absolute convergence, choose an = —\/—_— to get
n
3 3
lim. a_n Jim_ (..1_7; . __n_ﬁi—_?_) = lim _.:l/__n_—_;___z. = lim 4/1+ nl =1>0,s0 Zl \/____._ diverges by limit

® 1 * n
comparision with the divergent p-series R — =1 < 1]. Thus, —1)" ——=———— is conditionally convergent.
P gemp = vn [p 2= ] nz.—_:l( ) vns 42 Y &

B an = ;osmr = (-)" T + 3 = (~1)"bn. {bn} is decreasing forn > 1, and hm bn =0, so 712_:1 n2

converges by

the Alternating Series Test. To determine absolute convergence, use the Limit Comparison Test with a, = -
[continued]
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& (-1

37. The series ) satisfies (i) of the Alternating Series Test because -~

1 1
2 ——n‘——"' ( + 1)6 and (ll) hm ;L.E =0, so the

series is convergent. Now bs = 5% = 0.000064 > 0.00005 and bg = 515 = 0.00002 < 0.00005, so by the Alternating Series
Estimation Theorem, n = 5. (That is, since the 6th term is less than the desired error, we need to add the first 5 terms to get the

sum to the desired accuracy.)

o (—é)” & 1 . . . . 1 1
, 1) T -
38. The series §= n§=1( ) o satisfies (i) of the Alternating Series Test because CET < man and

1 1 . 1 1
(ii) nli’n;o el 0, so the series is convergent. Now bs = T = 0.0008 > 0.0005 and bg = 538 =2 0.0002 < 0.0005,

so by the Alternating Series Estimation Theorem, n = 5. (That is, since the 6th term is less than the desired error, we need to

add the first 5 terms to get the sum to the desired accuracy.)

(G2l )"‘ 1
39. The series Z satisfies (i) of the Alternating Series Test because mr <

so the series is convergent. Now bs = = 0.00125 > 0.0005 and bg = ~ 0.0004 < 0.0005, so by the Alternating

1 1
5205 6226
Series Estimation Theorem, n = 5. (That is, since the 6th term is less than the desired error, we need to add the first 5 terms to

get the sum to the desired accuracy.)

o 1\" *® 1 1 1
, i e —1)*— satisfies (i) of th i i ——— < — and
40. The series n};l ( n) ngl( ) — satisfies (i) of the Alternating Series Test because CESE < — an

(i) lim ;}; = 0, so the series is convergent. Now bs = 51 = 0.00032 > 0.00005 and bg = 6_6 = 0.00002 < 0.00005, so

by the Alternating Series Estimation Theorem, n = 5. (That is, since the 6th term is less than the desired error, we need to add

the first 5 terms to get the sum to the desired accuracy.)

1 1

oo (-—-]_)ﬂN _ 3 (_l)n__l l__l_N_

Adding b4 to s3 does not change the fourth decimal place of ss, so by the Alternating Series Estimation Theorem, the sum of
the series, correct to four decimal places, is —0.4597.

i g——lln—ti'*'s -~1——i+i——1—+l-i+i—~i+—1-"’0985552 Subtracting byo = 1/10° from s
L TTas TR T T T s T 6 s g g8 ' go0= °
does not change the fourth decimal place of sg, so by the Alternating Series Estimation Theorem, the sum of the series, correct

to four decimal places, is 0.9856.

Z(—l)”ne”2" = 55 = ~ei2 + —23 - 235 + ;5 - 5—6 = —0.105025. Adding bs = 6/e*? =~ 0.000037 to s5 does not
n=1

[

change the fourth decimal place of ss, so by the Alternating Series Estimation Theorem, the sum of the series, correct to four

decimal places, is —0.1050.
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